Desiccation tolerance is the ability to survive loss of 90% of cellular water or dehydration to water concentrations of <0.1g HrO g-1 dry mass. It is relatively common in reproductive stru such as seeds (termed orthodox), but is rare in vegetative tissues, occurring in some 350 spe higher plants (termed 'resurrection plants'). In this chapter we present an overview of the s associated with desiccation and review the current mechanisms proposed to explain how or seeds and resurrection plants tolerate such 
discussed and similarities between seeds and resurrection plants are drawn. Protective mech unique to vegetative tissues are presented and differences among species are discussed. We p that the developmentally regulated programme of acquisition of desiccation tolerance in s utilized in ttre acquisition of tolera-nce in vegetative tissues of resurrection plants, possibly in re to environmentally regulated rather than developmental cues.
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lntroduction
The now commonly held definition of desiccation tolerance is the ability of an organ or organism to survive loss of more than 90% of its cellular water (corresponding to a tissue water concentration of or below 0.1g HrO g-' dry mass (DM) and a water potential of <-100 MPa) for extended periods and to recover full metabolic competence upon rehydration (Vertucci and Farrant 1995; Walters et aL.,2002; Berjak et al., 2oo7i Farrant zoOZ In the plant kingdom desiccatio erance is relatively common in repr tive tissues such as spores, seed pollen (Berjak et al., 2OOZ;  Leprinc Buitink 2OO7) (Oliver et al., Lgg8i Alpert er, 2OOZ). Intracheophytes, while pair is probably inevitable, cone and complex protection mechare laid down during drying (Gaff, icr6 et al., 2OO4a; Farrant, 2007;  et al., 2Oo7; Oliver, 2007 (Iljin, 1957; Levitt, 198 At the molecular level water provid hydrophobic and hydrophilic associatio and controls intermolecular distances th determine the conformation of macromo cules and their partitioning within organelle Tissues are fully hydrated at the start hydration and loss of this water results loss of turgor (Levitt, 1980 (Vertucci and Farrant, 1995; Walte et al., 2002 Walte et al., ,2005 eed tissues (Vertucci, 1990; Walters et al., of a syrup (level IV) , rubber (Ievel III) and 002). Level V water behaves as it would glasses (Ievels II and I) (Wa1ters et al., 2OO2 n a dilute solution but the aqueous matrix and references therein). The stability of the ecomes more viscous having the properties latter may be critical to survival of desiccation and the length of time an organism can remain in the desiccated state (Walters et al., zoos) . Figure 11 .1 shows the various hydration levels that have been proposed for seed tissues (Vertucci and Farrant, 1995; Berjak et al., 2oo7) Kermode, 1990; Vertucci an Farrant, 1995 (Fahy, 1986J we roposed that they accumulated in vacuoles ithin the dry leaves (Farrant et al., 2OOg On dr-ring there is a reduction in glucose (Shenrin and Farant, 1990 (Farrant ef o1., 2009) , the walls of the tolerant fronds have a higher proportion of arabinose polymers than the sensitive form (Reynolds, 2008) . Since arabinose polymers are highty mobile, allow wall flexibility (Foster et al., 1996;  Renard and ]arvis, 1999) and have a high water-absorbing capacity (Goldberg ef a1., 1989; Belton,1S97), which wouldbe inportant for rehvdration, '*'e have proposed that such constitutivelv high levels allow constant preparedness for dehVdrationrehydration in these resurrection pla_nts (Moore et al., zoog (Smirnoff, 1993; Sherwin and Farrant, 1998; Farrant, 2000; Farrant et al., 2OO3, 2009; Georgieva ef al., zooz,2009; Moore et al.,2oo7a,b Elstner and Osswald, 1994 [ [Velasco eto1., 1994  Leprince and Buitink, 2010 (Vertucci and Farrant, 1995) . It has been proposed that desiccation-tolerant organisms counteract cytoplasmic crowding by replacing water with compatible solutes capable of substituting for the hydrogen bonds lost due to dehydration (Fig. 11.a) . This water replacement hypothesis presupposes that these molecules are able to stabilize macromolecules in their native configuration during desiccation (Crowe et al, , L986, 19Bg (Buitink ef o/., 2006) and metabolite profiIing tn Ambidopsis thaliana suggest lipid is mobilized (Fait et a1., 2006) for sucrose production. Bogdan and Zagdaflska (2009) Recalcitrant seeds were recorded as having a 12:1 ratio (Horbowicz and Obendofi, t9 Lin and Huang, 1994; Steadman et01., 199 A decreased ratio in orthodox seeds co pared to recalcitrant seeds can clearly seen in Fig. 11 (Vertucci a Farrant, 1995 Buitink et al., 2006; to other abiotic stresses (Illing ef al., zo n/a but present Walford (2008) at 10olo RWC n/a but present Walford (2008) at 10% RWC n/a but present Walford (2008) at 10olo RWC n/a but present Walford (2008) at 10olo RWC n/a but present Walford (2008) at 10olo RWC <50% RWC llling etal. (2005) <50% RWC llling eral. (2005) n/a but present Walford (2008) at 10o/o RWC <50% RWC llling ef a/. (2005) n/a but present Walford (2008) (2005) n/r but presont Wallord (2008) at 1006 (Berjak, zOOO; Berjak etal.,2oo7).
Heat shock proteins
There is increasing evidence for the role of heat shock proteins (HSPs) in cellular protection during desiccation. The small HSPs (sHSPs, 15-42 kDa) are the most prominent HSPs in plants (Waters et al., 1996) (Buitink et al., 20O6 (Liu ef al., zoos) .
Characterization of the nucleus proteome of X. viscosa showed that there was considerable up-regulation of a L7.6 kDa sHSP upon dehydration (Abdalla et aL,,2010) and a member of the HSP90 family (Grp94) was found to be induced by desiccation and heat stress in leaves of this species (Walford et al., 2oo4 (Oliver, 2007 
